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(54) METHOD FOR PRODUCING OPTICAL RETARDATION PLATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing an optical retardation plate by which a wide- 
band optical retardation plate capable of imparting a uniform optical retardation characteristic to incident light in 
the entire visible light region can be easily and stably produced. 

SOLUTION: The method for producing a optical retardation plate has a stretching step for obtaining an oriented 
film by stretching a laminate with at least one layer containing a norbornene resin (NB layer) and at least one 
layer containing a styrene-maleic anhydride copolymer resin (ST layer). When the lower one of the glass 
transition temperatures of the norbornene resin and the styrene-maleic anhydride copolymer resin is 
represented by Tg(L)° C, the stretching temperature T° C in the stretching step is (Tg(L)-20)<T<(Tg(L)+1 0). 
The thickness ratio between the NB layer and the ST layer in the oriented film is (3:1) to (1:1). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]It is a manufacturing method of a phase difference plate which has a stretching process which extends a 
layered product which has further at least a layer (ST layer) which reaches further a layer (NB layer) containing 
norbornene system resin at least, and contains styrene maleic anhydride copolymerization resin, and obtains an 
oriented film. When extension temperature of T ** in said stretching process makes a low glass transition point 
Tg(L) ** among glass transition points of said norbornene system resin and said styrene maleic anhydride 
copolymerization resin, (Tg(L)-20) A manufacturing method of a phase difference plate, wherein it is <= T <= (Tg 
(L) +10) and ratios of thickness of said NB layer of said oriented film and said ST layer are 3:1-1:1. 
[Claim 2]A manufacturing method of the phase difference plate according to claim 1 which has the co-extrusion 
process of carrying out the co-extrusion of norbornene system resin and the styrene maleic anhydride 
copolymerization resin at least, and forming said layered product. 

[Claim 3]A manufacturing method of the phase difference plate according to claim 1 or 2 whose difference of a 
glass transition point of said norbornene system resin and a glass transition point of said styrene maleic 
anhydride copolymerization resin is 10 ** or less. 

[Claim 4]A manufacturing method of a phase difference plate given in any 1 paragraph to claims 1-3 in which said 
layered products are layered products which have arranged said NB layer, said ST layer, and said NB layer one by 
one. 

[Claim 5]A manufacturing method of a phase difference plate given in any 1 paragraph to claims 1-4 in which said 
layered products are layered products by which a glue line has been arranged between said NB layer and said ST 
layer. 

[Claim 6]A manufacturing method of a phase difference plate given in any 1 paragraph to claims 2-5 which carry 
out the co-extrusion of the material contained in said glue line with norbornene system resin and styrene maleic 
anhydride copolymerization resin in said co-extrusion process. 

[Claim 7] A manufacturing method of a phase difference plate given in any 1 paragraph to claims 1-6 which 
measure a retardation of said oriented film in two or more wavelength chosen from a visible light wavelength 
region, iand control extension temperature in said stretching process based on a value of a measured retardation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the new manufacturing method of the phase difference plate 

which consists of oriented films. 

[0002] 

[Description of the Prior Art] 1/2 wavelength plate whose 1/4 wavelength plate and Re whose retardation (Re) is 
1/4 of wavelength are 1/2 of wavelength as a phase difference plate is known. 1/4 wavelength plate has various 
uses, such as being used for the pickup for a high-reflectiveHiquid-crystal display and optical discs, and an anti- 
glare film. On the other hand, it has various uses — 1/2 wavelength plate is also used for a liquid crystal 
projector. In various uses, as for said 1/4 wavelength plate and 1/2 wavelength plate, the function is wanted to 
fully be exhibited to all the incident light of a light range. As a wide band phase differential plate which can fully 
exhibit the function to the incident light of the light range whole region. For example, what laminated and formed 
polymer films of two sheets which have optical anisotropy which is mutually different, such as JP,5-271 18,A, 
JP,5-100114,A, JP,1 0-6881 6,A, and J P, 10-90521, A. is mentioned. 

[0003]However, it is necessary to form two sorts of chips cut in the direction which succeeds in an angle which is 
mutually different to the extension direction in the extension double refraction film extended to one way for that 
manufacture, and to paste together and laminate this chip by an adhesive material in the conventional lamination 
type phase difference plate. When making the chip of two sheets paste together, not only the cost hike 
accompanying adhesive material coating, chip making, and pasting but the degradation by the angle gap 
accompanying chip pasting, etc. cannot disregard the influence which it has on performance, either. In the 
lamination type phase difference plate formed by pasting of the chip, the degradation by increase of thickness 
may also pose a problem. 
[0004] 

[Problem(s) to be Solved by the Invention]This invention is made in view of said many problems, and the 
retardation (Re) in arbitrary wavelength lambda^ with a wavelength of 400 nm - 700 nm and lambdag 
(lambda^<lambda2) fills Redambda^ <Re (lambdag), Let it be a technical problem to give the uniform phase 
contrast characteristic to the incident light of said wavelength range, and for Re in the cross direction and a 
longitudinal direction to provide the simple manufacturing method which can be manufactured stably for a uniform 
wide band phase differential plate. 
[0005] 

[Means for Solving the ProblemjSaid The means for solving a technical problem is as follows. Namely, it is a 
manufacturing method of a phase difference plate which has a stretching process which extends a layered 
product which has further at least a layer (ST layer) which reaches further a layer (NB layer) containing <1> 
norbornene system resin at least, and contains styrene maleic anhydride copolymerization resin, and obtains an 
oriented film, When extension temperature of T ** in said stretching process makes a low glass transition point 
Tg(L) ** among glass transition points of said norbornene system resin and said styrene maleic anhydride 
copolymerization resin, (Tg(L)-20) It is a manufacturing method of a phase difference plate, wherein it is <=: T <= 
(Tg (L) +1 0) and ratios of thickness of said NB layer of said oriented film and said ST layer are 3:1 -1 :1 . 
[0006]<2> It is a manufacturing method of a phase difference plate given in <1> which has the co-extrusion 
process of carrying out the co-extrusion of norbornene system resin and the styrene maleic anhydride 
copolymerization resin at least, and forming said layered product. 

<3> A difference of a glass transition point of said norbornene system resin and a glass transition point of said 
styrene maleic anhydride copolymerization resin is a manufacturing method of a phase difference plate given in 
<1 > or <2> which is 1 0 ** or less. 

<4> Said layered product is a manufacturing method of a phase difference plate given in either from <1> to <3> 
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which is a layered product which has arranged said NB layer, said ST layer, and said NB layer one by one. 
[0007]<5> Said layered product is a manufacturing method of a phase difference plate given in either from <1> to 
<4> which is a layered product by which a glue line has been arranged between said NB layer and said ST layer. 
<6> In said co-extrusion process, it is a manufacturing method of a phase difference plate given in either from 
<2> to <5> which carries out the co-extrusion of the material contained in said glue line with norbornene system 
resin and styrene maleic anhydride copolymerization resin. 

<7> In said stretching process, it is a manufacturing method of a phase difference plate given in either from <1> 
to <6> which measures a retardation of said oriented film in two or more wavelength chosen from a visible light 
wavelength region, and controls extension temperature based on a value of a measured retardation. 
[0008] 

[Embodiment of the Invention]The manufacturing method of the phase difference plate of this invention has a 
stretching process which extends the layered product which has further at least a layer (ST layer) which reaches 
further the layer (NB layer) containing norbornene system resin at least, and contains styrene maleic anhydride 
copolymerization resin, and obtains an oriented film. Said norbornene system resin is resin positive in the intrinsic 
birefringence value which has the characteristic which shows optically uniaxial [ positive ] optically. That is, when 
light enters into the layer which the molecule of said norbornene system resin took optically uniaxial orientation, 
and was formed, the rate of optical refraction of said orientation direction becomes larger than the rate of optical 
refraction of the direction which intersects perpendicularly with said orientation direction. On the other hand, 
styrene maleic anhydride copolymerization resin is resin negative in the intrinsic birefringence value which has th€ 
characteristic which shows optically uniaxial [ negative ] optically. That Is, when light enters into the layer which 
the molecule of said styrene maleic anhydride copolymerization resin took optically uniaxial orientation, and was 
formed, the rate of optical refraction of said orientation direction becomes smaller than the rate of optical 
refraction of the direction which intersects perpendicularly with said orientation direction. 
[0009] Stretching treatment of the layered product of said NB layer and said ST layer is carried out in a 
predetermined temperature requirement and said NB layer and said ST layer are made to reveal birefringence 
respectively in the manufacturing method of this invention. Since said NB layer and said ST layer are extended by 
the uniform direction, the lagging axis intersects perpendicularly mutually and the wavelength dispersion nature of 
the retardation which each class has is offset mutually. The wavelength dispersion nature of the retardation in 
which said NB layer and said ST layer have respectively the wavelength dispersion nature of the retardation 
which the oriented film obtained by stretching treatment has was offset. In the manufacturing method of this 
invention, the grade which said NB layer and said ST layer contribute to the retardation of said oriented film is 
adjusted by making the thickness ratio of said NB layer and said ST layer into the predetermined range. As a 
result, the retardation by the side of short wavelength is small to the light of a broadband (wavelength of 400-700 
nm), and the retardatfon by the side of long wavelength can be enlarged (namely, — referred to as Redambda^ 
<Re (lambda2) (Iambda.|<lambda2)), and the phase difference plate which gives the uniform phase contrast 
characteristic can be produced to the light of the wide band wavelength of said range. 

[0010]As said norbornene system resin, "APO" etc. made from Japan Synthetic Rubber "ARTON", Nippon Zeon 
"ZEONEX" and "ZEONOA", and the Mitsui petrochemistry is preferred. As said styrene maleic anhydride 
copolymerization resin, "die Larc D332" etc. by a nova chemical company is preferred. 

[001 1]There is a tendency which the birefringence of said NB layer and said ST layer cannot reveal easily due to 
said stretching process if the extension temperature in said stretching process is too high, although said NB layer 
and said ST layer are made to reveal birefringence. On the other hand, if extension temperature is too low, it will 
become easy to produce the manifestation nonuniformity of birefringence. The ratio of the thickness of said NB 
layer in the oriented film obtained by stretching treatment and said ST layer also affects It to such an extent that 
it contributes to the retardation of an oriented film. As a result of this invention person's inquiring wholeheartedly, 
when said extension temperature of T ** makes a low glass transition point Tg(L) ** among the glass transition 
points of said norbornene system resin and said styrene maleic anhydride copolymerization resin, (Tg(L)-20) If It 
is <= T <= (Tg (L) +10) and the ratios of the thickness of said NB layer in said oriented film and said ST layer are 
3:1-1:1, Since it becomes a wide band phase differential plate which can give the uniform phase contrast 
characteristic to them to the light of the wavelength of a broadband while appearing in said NB layer and said ST 
layer enough and making them reveal uniform birefringence, it is desirable. By tuning extension temperature 
and/or said thickness ratio finely, also when the stretching process was carried out by the ratio of the extension 
temperature of said range, and the thickness of said range and the wavelength dispersion nature of the 
retardation of the oriented film obtained shifts from ideal value, It can bring close to ideal value and excels also in 
manufacture stability. 

[001 2]Especially the glass transition point of said norbornene system resin and the glass transition point of said 
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styrene maleic anhydride copolymerization resin have a preferred thing with the small difference, it is preferred 
that it is 10 ** or less, it is more preferred that it is 5 ** or less, and 0 **, i.e., are the same, is ideal. The 
difference of a mutual glass transition point as a desirable combination used as said range, The combination of 
"die Larc D332" (Tg =131 **) is mentioned as said norbornene system resin as "ZEONOA 1420" (made by 
Nippon Zeon Co., Ltd.), and said styrene maleic anhydride copolymerization resin. 

[0013]The thickness ratio of each class [ in / in the ratio of the thickness of said NB layer after stretching 
treatment and said ST layer / 3:1-1:1, and the oriented film that is 2:1 to 1.5:1 more preferably ] is mostly 
determined by the thickness ratio of each class in the layered product before extension. 

[0014]As for said layered product, more than the bilayer may have respectively said NB layer and said ST layer. 
Since intensity is high, if said layered product is made the composition which has arranged said NB layer, said ST 
layer, and said NB layer one by one, since the handling nature and endurance as a phase difference plate will be 
improved, said especially NB layer is more preferred than said ST layer. As for the material contained in the 
material contained in said NB layer, and said ST layer, when said layered product has respectively said NB layer 
and said ST layer in more than a bilayer, it is preferred that it is respectively the same. In said layered product, it 
is preferred that the ratios of the sum total of the thickness of all the NB layers in which said NB layer and said 
ST layer are contained [ as for more than a bilayer ] in said layered product, respectively in a certain case, and 
the sum total of the thickness of all the ST layers are 3:1-1:1. 

[0015]In order to raise the adhesive property of said NB layer and said ST layer and to improve handling nature, a 
glue line can also be arranged between said NB layer and said ST layer. As a desirable gestalt of said layered 
product which has said glue line, the gestalt of NB layer / glue line / ST layer / glue line / NB layer is mentioned. 
Resin in which the both sides and compatibility of said norbornene system resin and styrene maleic anhydride 
copolymerization resin are can be used for said glue line. As for the glass transition point of the resin used for 
said glue line, as compared with each glass transition point of said norbornene system resin and said styrene 
maleic anhydride resin, it is preferred that it is resin low 5 ** or less (preferably 10 ** or less). However, it is not 
limited to this. The smaller one of the product of the double reflex of said glue line and thickness is preferred. 
[0016]Said stretching process can be carried out using various drawing machines. For example, since vertical 
uniaxial stretching extended to a mechanical flow direction, the tenter extension extended in the direction which 
intersects perpendicularly with a mechanical flow direction, etc. can use suitably and also it is thickness direction 
control, it is also possible to give optically biaxial. What is necessary is just to determine the draw magnification in 
said stretching process suitably according to the thickness, the extension temperature, and the stretching speed 
of the target of Re, and the layered product before extension, and, generally, it is 3.0 or less [1.1 or more ]. In 
said stretching process, when carrying out vertical uniaxia! stretching, stretching treatment can be carried out by 
distinguishing between peripheral velocity between rolls using the nip roll of a lot at least. 
[0017]In said stretching process, as for said stretching device, in order to extend at a predetermined extension 
temperature, it is preferred to have the heating method. As composition of the stretching device provided with 
said heating method, the composition which equipped the core part of the extension roll with the heater is 
mentioned, for example. Heating apparatus (for example, infrared heating equipment) Is arranged near the 
extension roll, and the composition which heats a layered product at the time of extension is mentioned. The 
composition which extends by storing the whole stretching device in the inside of heating apparatus is mentioned. 

[0018]When changing the extension temperature in a stretching process, the wavelength dispersion nature of the 
retardation which the phase difference plate manufactured shows is also changed. Therefore, it is preferred to 
suppress change of extension temperature low from a manufacture stability viewpoint, and it is preferred to 
control to become within the limits whose change of extension temperature is **1 **. Even if it optimizes 
extension temperature and the thickness ratio of each class before manufacture, the wavelength dispersion 
nature of a retardation also produces the situation from which it separates notably from ideal value by 
unexpected disturbance of change of the environment under manufacture, and combination of raw material, such 
as whether to be strange. Such a situation can be prevented by carrying out feedback control of the extension 
temperature. For example, it is preferred to measure the retardation with at least two waves, to pursue the 
wavelength dispersion nature of a retardation, and to carry out feedback control of the temperature of the 
heating method of a hot calender roll etc. about the oriented film after extension, according to gap from a desired 
value. 

[0019]The oriented film obtained by said stretching process differs in the optical characteristic with the 
thickness. For example, as for the thickness of an oriented film, when considering it as 1/4 wavelength plate, not 
less than 50 micrometers 1 20 micrometers or less are preferred. 

[0020]Said layered product with which said stretching process is presented is producible by various methods. 
.Especially, it is preferred to carry out the co-extrusion of norbornene system resin and the styrene maleic 
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anhydride copolymerization resin, and to form tinem at least. If said layered product is produced by a co-extrusior 
process, since manufacturing of said layered product can become easy, and the shift to a stretching process fron* 
a co-extrusion process can be automated and a making process can be simplified more, it is desirable. That is, as 
For the manufacturing method of the phase difference plate of this invention, it is preferred to include the co- 
extrusion process of carrying out the co-extrusion of norbornene system resin and the styrene maleic anhydride 
copolymerization resin, and forming them at least, and said stretching process. When said layered product has 
said glue line, it is preferred to also form said glue line by a co-extrusion. 

[0021] A co-extrusion process leads resin for glue lines to the inside of an extruding die by said plasticized 
norbornene system resin, said styrene maleic anhydride copolymerization resin, and request. It can carry out by 
contacting each resin, considering it as the unified layered product, and extruding by said inside of a die, or the 
opening of said die. As said die, a T die can be used, especially about the internal shape, it is not limited but the 
die of various shape can be used. The thickness of a layered product can be adjusted by making two or more rolls 
lay [ firmly ] the layered product of the extruded molten state, making it follow rotation of a roll, and moving it. 
Then, said layered product may be given to a stretching process, and after rolling round said layered product to a 
roll shape, a stretching process can also once be given. 

[0022]When producing said layered product by a co-extrusion process, the thickness ratio of each class in an 
oriented film can be optimized by controlling the amount of extrusion per unit time of each resin. 
[0023]The rough perspective view of an example of a feasible manufacturing installation is shown for the 
manufacturing method of the phase difference plate concerning this invention in drawing 1 . As for the 
manufacturing installation 10 of drawing 1 , the two extruders 12 and 14 are combined with one by the extruding 
die 16. The resin hopper extruded by extruding-die 16 inside from the extruders 12 and 14 serves as the 
laminated film 18, and is extruded from the lower part of the extruding die 16. When forming the layered product 
of three or more layers, the extruder which leads to the extruding die 16 in addition to the extruder 12 and 14 
may be added further. For example, when forming the layered product of 3 lamination of NB layer / ST layer / NB 
layer, the extrusion channel from the extruder which extrudes norbornene system resin is branched, and it is an 
inside of the extruding die 16, and it may constitute so that said layered product of three layers may be formed. 
[0024]The extruded laminated film 18 follows rotation of the rolls 20, 22, and 24, and moves one by one. Since the 
rolls 20, 22, and 24 are rotating with mutually different peripheral velocity, while moving, the laminated film 18 is 
adjusted to desired thickness while being cooled. Then, the laminated film 18 is extended by the nip part of the 
hot calender rolls 26 and 28, and becomes oriented film 18' by which birefringence was revealed by it. The 
extension rolls 26 and 28 contain the heater (un-illustrating) in the core part. As for the heater, the temperature 
is respectively controlled by the controller 30, and the extension temperature of the laminated film 18 is kept 
constant. 

[0025]The optical measuring instrument 32 measures the retardation (retardation [ in / preferably / at least two 
waves ]) of oriented film 18' immediately after extension. The detected information of a measured wavelength and 
a retardation is inputted into the controller 30 from the optical measuring instrument 32. The correlation standard 
data of an ideal wavelength-retardation is beforehand inputted Into the controller 30, and based on gap of the 
input data from this standard data, the program Input is carried out to it so that extension temperature may be 
made to go up and down. Thus, if the retardation In two or more wavelength of an oriented film is measured and 
extension temperature is controlled based on this data, it is stabilized and a wavelength plate with uniform 
wavelength dispersion can be manufactured. 

[0026]Since the thickness ratio of each class also affects the wavelength dispersion nature of a retardation, it 
may control the amount of extrusion of each resin per unit time from an extruder based on the measured value of 
said retardation of the oriented film on a line. 

[0027]After that, by the cutting machine (un-illustrating) arranged more downstream, oriented film 18' is cut by 

the desired size, and various uses are presented with it as a phase difference plate. For example, oriented film 18' 

can once be rolled round to rolled form, and can also be stored temporarily and conveyed. 

[0028]According to the optical characteristic, various uses can be presented with the phase difference plate 

manufactured by the manufacturing method of this invention as 1/2 wavelength plate, 1/4 wavelength plate, etc. 

[0029] 

[ExamplejHereafter, although the example of this invention is described, this invention is not limited to these 
examples at all. 1/4 wavelength plate which consists of NB layer / an ST layer / a NB layer was produced as 
norbornene system resin, using "die Larc D332" (nova chemical company make, Tg = 131 **) as "ZEONOA 
1420" (the Nippon Zeon Co., Ltd. make, Tg = 136 **) and styrene maleic anhydride copolymerization resin. The 
device of the same composition as drawing. 1 w as used for production. However, the resin which branched to two 
and was extruded from the branched channel pinched the resin extruded from the extruder 12, and the extrusion 
channel of the extruder 14 used the device which comprised extruding-die 16 inside in the layered product of 3 
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lamination so that formation was possible. 

[0030]"Die Larc D332" was stored in the extruder 12, "ZEONOA 1420" was respectively stored in the extruder 
14, extrusion temperature was 240 ** and 245 ** respectively, and It extruded to extruding-die 16 inside. From 
the lower part of the extruding die 16, the layered product of 3 lamination of NB layer / ST layer / NB layer was 
extruded, and vertical uniaxial stretching of this layered product was carried out succeedlngly. The draw 
magnification was 1 .6. The temperature of the extension rolls 26 and 28 was maintained to a fixed temperature 
through the stretching process. Extension temperature and/or the amount of extrusion of each resin per unit 
time were changed, and the oriented films 1-11 shown in the following table 1 were produced. The thickness of 
NB layer in the following table 1 is the sum total of two-layer thickness. The same may be said of the ratio of 
thickness. 



[0031] 
[Table 1] 
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1. 93:1 
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1. 93:1 



[0032]Next, about these oriented films, In 450 nm, 481 nm, 547 nm, 629 nm, and 650 nm, the retardation was 
measured and the wavelength dispersion nature was investigated. Prince measurement company make and 
"K0BRA21ADH" were used for measurement. The result was summarized In the graphs 1-3. 
[0033]The retardation of the oriented films 1-4 which are 120 ** in extension temperature, and have a thickness 
ratio of NB layer and ST layer within the limits of 3:1-1:1 from the result shown in the graph 1, It turned out that 
all show the wavelength dispersion nature approximated to ideal value, and optical property practically sufficient 
as broadband 1 / 4 wavelength plate is shown. 

[0034]The retardation of the oriented films 5-7 which are 115 ** in extension temperature, and have a thickness 
ratio of NB layer and ST layer within the limits of 3:1-1:1 from the result shown in the graph 2, It turned out that 
all show the wavelength dispersion nature approximated to ideal value, and optical property practically sufficient 
as broadband 1 / 4 wavelength plate is shown. On the other hand, the retardation of the oriented film 8 in which 
the thickness ratio exceeded 3:1-1:1 showed the wavelength dispersion nature shifted from ideal value. 
[0035]The thickness ratio of a result to NB layer and ST layer which are shown In the graph 3 is 1.93:1, And the 
retardation of the oriented films 9-1 1 extended at glass transition point [ of "die Larc D332" ] Tg (L) ** (namely, 
131 **), and T ** which fills the relation of <=(Tg(L)-20) T<= (Tg (U +1 0), ft turned out that all show the 
wavelength dispersion nature approximated to ideal value, and optical property practically sufficient as broadband 
1/4 wavelength plate is shown. 
[0036] 

[Effect of the Inventlon]As explained above, according to this invention, the manufacturing method of the simple 
phase difference plate which can be manufactured stably can be provided for the wide band phase differential 
plate which can give the uniform phase contrast characteristic to the Incident light of the visible light whole 
region. 
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